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In Iowa as June mean temperature oes so goes the 
temperature of the nest three months. f o r  the 35 years 
of State-wide records, ending with 1984, the correlation 
coefficient of the mean temperature of June with the 
combined mean temperature of July, August, and 
September is 0.55950.07S. Expressing this in a re- 
gression formula for prediction purposes, it takes the form 

3- = . 34S  + 46.37 

in which S is the mean tein erature of the current 
month of June and Y is the preicted mean temperature 
of the three following months combined. 

FIG. 1.-June temperature indicatcs t,he temperature of the next three months, as shown 
by the sloping regression or rediction line. Broken lines show menu temperatureu. 
Years that depart most wid& connected with dots by arrows 

The dispersion of tho da.ta can best be visualized by 
an inspection of Figure 1. It will be observed that there 
is a fairly well defined arran ement of the data along the 

easier and sufficiently accura.te to  read the prediction 
from the coordinates instead of computing it by the 
formula, though the regression line could not, of course, 
be accurately located in the first place without the 
necessary mathematical process. I ts  meaning is t,hat 
if the formula 1'- .34X +46.37 be a plied to the pre- 

snd the average error determined, bhe error will be 
smaller than could be obtained by any other line or 
formula. Ins ection of Figure 1 gives the impression 
that no curviinear forniula could be dovised that would 
be superior. As a matter of fact, the average error in the 
35 cmes under consideration is 51.1'. The greatest 
error would have been -3.5' in 1916 and there are two 
cases, 1915 and 1917, when the error would have been 
zero. 

regression line. A s  is usua 5 in such cases, it is much 

diction of the temperature of each t f wee-month period 

The error in the 

is made 

dotted in, and a smooth curve drawn to indicate the 
probable accuracy of a large number of cases. 

FIi:. ?.--Per cent.of uccuracp lor each limiting degree in the prediction; e.g., the predict 
tlon will be accurate within 1 9 ,  71 per cent o l  the time 

Notable uacupt~ons.-The years that departed most 
widely from the formula have, for convenient reference, 
been noted on Figure 1. In the year 1916 some very 
unusual influence seems to have depressed the tem- 
perature in June to the lowest of record and f a r  below 
the point indicated by correlations with various other 
meteorolo4cal elements. Whatever this influence was, 
it sffecteaabout 90 per cent of the area of the North 
Anierican continent, and it disappeared abru tly in the 
closing days of June, so that the following Jgy in Iowa 
is next to the warmest of record. The mean of the three 
months, July, August, and September, working the 
formula backwards, indicates that June should have had 
a mean of 75.7' instead of 64.5', the lowest June mean of 
record in Iowa. The predicted temperature would have 
been 3.S' too high which is the greatest error in the series. 
Any influence so strong and with such shar ly defined 
time limits ought to be easily traced. K i m h l s  states 
that data from Bmerican stations showed a noticcable 
depression in the intensity of solar radiation measured 
at  the earth's surface in 1916-17, and the dots on his 
graph show a marked decline about June, though more 
eneral reports from the Northern Hemisphere received 

h e r  were not in harmony with the American data.' 
This influence seems to have been eculiar to North 
America. Volcanic dust could scarcerv account for the 
freak, for it could not be dispersed so rapidly as to permit 
the following month to become nest to the warmest 
July of record. Nor has this writer been able to find 
a.ny account of notable volcanic activity near that time. 

The nest widest de arture from the predicted tem er- 

a cool three-month period. In  this case, the predicted 
temperature would have been 3.3' too high. 

In the abnormally hot season of 1901, June temperature 
indicated the hot weather to follow, but the predicted 
fell short of the actual temperature by 2.2'. As this 
w a ~  the warmest three months (July, August, and 
September) of record, the formula could not be ex ected 
to go all the wa . Similarly, the cool June o f  1915 
indicated the coo 9 season to follow, but lacked 2.1' of 
going all the way in the coolest three months following. 

ature was in 1890, w f: en a warm June wm followe a by 

- 
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Likewise the cool season of 1924 was indicated by the 
cool June, but the predicted lacked 2.1' of beina as low 
as the actual. Each of these freak years o%ers an 
interesting problem for further study. 

.-While the foregoing presents the yuan- 
titative Frppu.en,cr re ationship with mathematical accuracy, a 
simpler and very interesting study was also made of the 
frequency with which the rule expressed in the opening 
sentence of this paper wa.s followed. Of the 35 Jiines 
under consideration, IS were above nornial and 17 below 
normal in temperature. Of the IS Junes above normal, 
14, or 78 per cent, were followed by a mean teni erature 

Junes below normal, 12 or 71 per cent, were followed by a 
three-month mean below normal. Combining tlie two, 
26 cases out of 35 or 74 per cent followed tlie rule. This 
is considerably better than a 50-50 guess and ranks 
favorably w$h forecasts that can be made for three or 
four days in advance. It is possible, however, that a 
record of 35 years is too short to establish such a rule. 
June temperature aid July temperattire.--The corre.la- 

tion between June temperature and July temperature in 
Iowa is 0.394 f 0.096 and the regression formula for pre- 
dicting July temperature from June temperature is 

in which Y is the July temperature required and S is t,he 
tern erature of the preceding June. The correlat.ion 
coe fFi cient is not as large as in the case of June temperit- 

in the next three months above normal; and o F the 17 

1-=0.4S+16.2 

and Se tember tenipera.tures com- 

direction as July departures 
temperatures were above 

wit R which June temperat.ure 

normal 18 out of 35 times. Ten of these 18. or 56 per cent, 
were followed by warin Julys. June was below normnl 
17 times and 12 of the 17, or 71 per cent, were followed by 
cool Jul s. Combining these, 22 out of 35, or 63 per cent, 
followe (9 the principle that July departures tend to follow 
June departures. 

June tempera.tu.re indicattv J v l y  rainfa.11.-The corrds- 
tion of June tem erature with July rainfall in Iowa is - 0.486 f0.087. !ih e regression formula is 

1- = 26.74 - .33A7 

in which Y is the required rainfall of July in inchcs and 
A' is the mertn temperature of the prec.eding June in 
degrees Fahrenheit. Though the correlation coefIicient 
is not large, due t,o a rat,her wide dispersion of blie dut,ri 
(see fig. 3), and the quantit.a.t.ive relntionsliip ncressari!y 
shows discrepancies between predicted a.nd r1.c t.un.1 
amounts, dry Ju l  s follow warm Junes with remarknhle 
frequency. Of t i e  1s Julies with temperstmes a.boru 
normal, 15, or 83 per cent, were followed by deficient 
rainfall in July, averaging a.bout a third of a.n inch 
deficiency for each excess degree of June t.em erature. 
When the June tern erature was below norm s it  incli- 

or 53 per cent, nnd is therefore of no vadue. Howwcr, 
for each degree June temperature is below norinal July 
precipitation averages about a third of an incdi ii.bove 
normal. 

ain the June, 1916, temperature seems un- 

tern erature of June, 1916, be taken as 75.70J as the 

!,en, as before mentioned, it would have indicated 1.76 
inches of rainfall in July following, while the ac.tual 
amount wm 1,78 inches, This is further proof of soine 

cated July rainfall a E ove normal only 9 out: of 17 times, 

accountaby Here 

ur 3 y temperature correlations indicated it should have 

low, and the strange thing is that if the 

temporary, powerful, and unusual influence that de- 
ressed surface 

Eave been in 

ing this fact is - 0.505, which 
general proposition. For the 
peratures were above normal the formula would have 
predicted the rainfall of July within 0.5 inch half of the 
time; within 1.0 inch 72 per cent of the time; within 1.5 
inches S3 per cent, etc. 

FIG. ).-The sloping line is the regression or prediction line' broken lines mean tern 
tiire and menn preci ihtinn 
Iowa, the innbt n o t o k  rrrr~~t im heing 1922 

A warm June is 83 per ceht tndicativebr 8 dry JuPK 
Practical: .form of-forecast.-If the June tem eratyre is 

for IOWCL: July will be drier than the average, by a prob- 
ability of a little better than S chances out of 10. The 
indicated rainfall is about 3.1 inches, while the average 
for the last 35 ears is about 3.5 inches. The chances 
that the rainfal r will not be greater than 4.1 inches nor 
less than 2.1 inches are better than 8 out of 10. The 
c.hances that July will be warmer than the aver e are 

less than a degree above the average. 

2' above norninl, the following forecast coul a be issued 

about 6 out of 10; but the t,emperature will proba 75 ly be 

FIG. I.-Figures near the renter of each State show the percentage frequency that dry 
Jilys follow warm Junes 

The average temperature of the next three months, 
July, August!, and September, combined will prohnbly he 
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above normal, the chances being nearly 8 out of 10. The 
indicated average of t8he nest three months is about 70.7’, 
which is 0.7” above normal. 

Will this apply el8eu~herc ?-The percentage of fre- 
quency that warm Junes are followed by dry Jul-ys has 
been worked out for near-b? States. These ercenta. cs 

diana the chances of Verification are better than 7 out of 
10, but outside of this the percentage diminishes in regu- 
lar zones. The verification is somewhat greater by Stat.e 
ureas than by individual stations. 

Practical up licatioi~.-VVhen tshe end of a cool June 

weather goods, such as pa.lm beach suits, straw hats, 
bathing suits, electric fans, ice cream, soft drinks, etc,. 
the merchant wonders if June is a sample of the rest of 
the season. He could be advised that the chances were 
better than 7 out of 10 that July and a1so the next three 
months would average below normal in temperature. He 
could than bake steps to unload stocks or contract rather 
than e s  and his business. His policies and t.he character 

is warm, warm weather ent.er rises, such as bathing 

could put on full speed ahead with the assurance that 
they had nearly 8 chances out of 10 of having a good run 
of business in the next three months. 

Sarle has shown that the merchantabilitg of Iowa corn 
is more lar ely determined by June temperature than by 

a.ssert that very little of the corn will be frosted or 

appear on the small map, Eigure 4. From P owa to F n- 

has been reac 7-l ed without business activity in warm 

of his a B vertising would be entirely different,. Or if June 

beaches, amusement parks, anc P water-front rea.1 estate, 

any other !f actor. If June is m-arn~, it  is almost safe to 

’ 

immature. There is almost no correlation between 
merchantability and date of first killin frost in autumn, 
st,range as this msy seem, for tlie real d aniago is done, or 
advantage gained, in June. 

The relationship between June temperature and corn 
ield is com licated by so many factors that it can not 

can be separated a.nd measured, as this writer hopes to 
show in a future paper. It is sufficient to say at this 
time that a warm June produces lusuriant c o n  plants 
that are rated at  a hi h percentage condition by crop 
reporters on July 1. #hat happens to the corn later on 
is not a fault in tlie structure of the plants, but is almost 
whol1.v due to the fact that more than 8 times out of 10 
a warm Julie is followed by a dry July, and if dry it is 
most likelv hot., as was shown in the first part of this 
paper. This cuts the yield but improves the mer- 
chantability as a rule. 

Other correhtions.--No ot.l:er such large, simple cor- 
relations have heen found, though nearly 300 have been 
worked out by coniputin -machine methods. In  a 
general way a rewession formula coming from a cor- 
relation smaller &an f0.30 will not give a prediction 
much better than guess work, yet by the met.hod of 
partial correlrttion t’lie indications of several previous 
months m&e it possible to say with an accuracy much 
better than uess work whether or not the month ‘ust 
ahead will E e drier, wetter, warmer, or cooler t x an 
normal. 

{ e  expressed % y simple coi-relation. However, the factors 

s “Correlation and Marhine Cdmilrttion ” Wallace and Snedwor Iowa State College 
nl.4grimlture snrl Mechanic .4rts. Orticia1 kubliration, Vol. 23; No.>$ January 28,1825. 

A NEW METHOD OF CHARTING STORM FREQUENCY 

By KEITH BELSEY 
[Grand Central Terminal. New Tork City] 

Tlie usual method employed by meteorologists to 
indicate gra.pliica1l’y the storminess of a given area is to 
plot, on a map the number of cyclone centers crossin 
cacli 5’ s uare in that area and t.hen to draw lines tlirougE 
points o? eyua.1 storminess. This method has several 

The area of a 5 O  square in the vicinity of Ta.mpa is, 
roughly, 30 per cent, or 24,000 square miles greater thtui 
the area of one near Duluth. 

,4 chart of isoclones on this ba.sis is t,hus tlist,nrted 
in favor of the- southerly latit,udes in the Northern 
Hemisphere. 

“.The number of barometric mininut per month pawsing 
t.hrough the 5’ square surrounding Duluth ” does not 
convoy AS clear a conception of condit,ions 8s dries tmllr 
ninre rational and apposlte e?pression, 
“the number of barometnc minima per 

Duluth. 
A cyclone cutting the corner of the 5’ 

square surrounding Duluth is count.ec1 
for that. city, while one moving due 
eastward 30 miles closer ( 6 ,  fig. 1) or 
one passing clue southwrirtl 85 miles 
closer (e, fig. 1) would not be so 
counted. 

The 5’ s uare is too large a unit bo 

effect of land and wat.er areas upon cyclone paths. 
11 1iIiit of area that. does llot involve these object>ions is 

21. circle 400 miles in diallleter. The shnpe Of this Unit 

gives equal weight to each storm revmlless of its direc- 
tion of travel or its latitude, while &e size of the unit is 
such that sufficient data for good interpolation for an 
area the size of the United States are obtained. 

The accompan ing isoclonic chart was pre ared using 

give the average number of cyclones passing within 200 
miles of a given locality during the month of January. 
The necessary data were obtained from tho track charts 
of t,he MONTHLY WEATHER REVIEW for the 40 Januarys, 
1892 t.o 1921. 

Tangent circles of 200 mile radius were carefully drawn 
on sheets of onion-skin p p e r  the size of the track charts: 
lAatitude ancl longitude register rnarlw were drawn on 
thwe sheets PO that when ea.cli was oriented on a track 
chart the centers of the tangent. circles would be in the 
stime geographical locwlities in every case. Cyclone track 
cha.rt,s from 1SS5 to 1890 were on such a pro’ection as to 
necessitate the use of ellipses to represent, t. e circles of 
charts of other years. 

One such prepared sheet of onion-skin paper was 
t.lien cli ped onto a cyclone chart, with precise adjmt- 
mcnt (I! the register marks. Nest  taking each storm 
t . r d i  in order by number, all t.he cyclones were followed 
iicross the chart, a dot bein- ,laced within each circle 
crossed by the storm path. %kis same onion-skin sheet 
wns used for 10 Januarys and when all the storm tracks 

circle werc totaled. 
of those io  months were checked off the dots in each 

~ jpOl l  t,lle colllpletioll of four of these circled charts 
t,hc figllres ill cnrreeponc1illg circles were added ant1 the 
t.ot,als clivitlecl 1))- 40 giving t.hc average number of paths 

disadvantages : a circle of 400 mi T es diameter as the unit. TRe isoclones 

h month Rasing within 300 miles of 

FIG. 1 

dlow the c 1 art to show to any considerable degree the 

.~ - 
6 Contraction of leocyclone. 


